Seed longevity is one of the most essential characters of seed quality. Two Chromosome segment 20 substitution lines (CSSL) I178 and X178 with significant difference on seed longevity were 21 subjected to transcriptome sequencing before (0d-AA) and after five days of accelerated ageing 22 (5d-AA) treatments. Compared to the non-accelerated ageing treatment (0d-AA), 286 and 220 23 differential expressed genes (DEGs) were identified in I178 and X178, respectively Among those, 24 98 DEGs were detected in both I178 and X178 after 5d-AA, Enriched GO terms included cellular 25 components of cell part, intracellular part, organelle and membrane etc., including carbohydrate 26 derivative catabolic process, carbohydrate synthesis, sugar isomerase (SIS) family protein etc. 30 QTL mapping result, the DEG and the AS information, 13 DEGs in the mapping intervals and 7 31 AS-DEGs were potential candidates may directly or indirectly associated to seed ageing. 32 33 35 36 42 during seed storage, which are the reasons for loss of longevity, and. During seed storage, the 43 activity of the ascorbate and glutathione (AsA-GSH) cycle is reduced resulting in ROS 44 accumulation [4, 5], and carbonylation happened of the proteins in seeds [6, 7]. These play 45 important roles in scavenging reactive oxygen species (ROS). High concentration of H 2 O 2 and the 46 malondialdehyde (MDA), end-products of lipid peroxidation, were considered as the critical factor significantly decreased during storage, thereby inhibiting seed germination [5, 12]. Thus, the level 50 of antioxidants and the level of energy supply are key factors in the regulation of seed longevity. 51 The genetic architecture of crop seed longevity is still far behind the model plant Arabidopsis. 52 Recently, various omic approaches have been used to investigate protein expression patterns 53 during seed storage [13, 3, 14, 15, 7, 16]. Sano et al performed an RNA-seq experiment on bulked 54 RILs of Est-1 × Col-0 in Arabidopsis and found that brassinosteroid is important for seed 55 longevity by regulating the seed coat permeability by BR signaling pathway [13]. Lv et al 56 conducted proteomic analysis on artificially aged wheat seeds; differentially expressed proteins 57 (DEPs) were mainly involved in metabolism, energy supply, and defense/stress responses. 58 Up-regulated proteins were mainly enriched in ribosome, whereas the down-regulated proteins 59 were mainly accumulated in energy supply, starch and sucrose metabolism and stress defense 60 (ascorbate and aldarate metabolism), revealed that the inability to protect against ageing leads to 61 the incremental decomposition of the stored substance, impairment of metabolism and energy 62 supply, and ultimately resulted in seed deterioration [14]. Yin et al performed proteomic analysis 63 on rice embryo with different days of ageing, by comparison analysis, they found most of down 64 regulated proteins were related to energy metabolism (29%), defense (21%), glycolytic pathway 65 (8%), protein synthesis (8%), protein destination and storage (6%), transcription (5%), growth or 66 division (4%), secondary metabolism (3%), transporting (1%), signal transduction (1%). While 67 most of the upregulated proteins were related to storage, energy, disease and defense, metabolism, 68 protein synthesis, growth and division [7]. Chen et al compared the storage ability of two wheat 69 varieties (storage tolerant vs. storage sensitive), most of the proteins remarkably different from 70
Transcriptome analysis of I178 and X178 showed that Alternative splicing (AS) occurs in 63.6%
28
of the expressed genes in all samples. Only 381 genes specifically occurred AS in I178 and X178 29 after 5d-AA, mostly enriched in nucleotide and nucleoside binding. Combined with the reported
Introduction 37
Ageing is an inevitable process affecting seed longevity, the length of time a seed remains viable, 38 which is accompanied with a progressive loss of quality or viability over time, and a crucial issue 39 for germplasm conservation and seed marketing [1] . Seed longevity depends greatly on seed 40 moisture, relative humidity, oxygen pressure and temperature of storage [2, 3]. Seed storability is 41 a complex trait, many studies have illustrated the oxidative and mitochondrial damage occurs in contributing to seed deterioration and influencing seed longevity and vigor [8-11]. Moreover, energy, also the storage tolerant seeds possessed a stronger ability in activating the defense system 72 against oxidative damage, utilizing storage proteins for germination, and maintaining energy 73 metabolism for ATP supply [16]. While seed longevity is different between species, it also differs 74 between genotypes of a species, the genetic information that involving in seed longevity was far 75 beyond the understood. Also the expression of genes and proteins related to disease defense and 76 energy is largely altered during seed storage. However, the effect of such changes on ageing 77 tolerance and sensitivity of seeds is largely unknown.
79
In the present study, the simulation of natural seed deterioration by artificial accelerated ageing 80 (AA) treatment by controlled the moisture up to 95% and the relative temperature at 45 ℃. Two 81 chromosome segment substitution lines (CSSL) (X178 and improved 178, I178), with similar 82 genetic background but shows different sensitivity or endurance in terms of ageing process, were 83 subjected the transcriptional expression analysis, differential expressed genes (DEGs) of 84 non-accelerated ageing treated dry seeds (0d-AA) and 5 days accelerated ageing treatment Nongda108 (released by China Agricultural University in 2001), an elite line which has better 94 agronomic trait of storability. I178 (Improved X178) was derive from X178 by introgression of 95 chromosome segments for several generations (CSSL), followed by consecutive self-crossing for 96 at least 10 generations.
97
Accelerated ageing treatment (AA)
98
The simultaneously fresh harvested (FH) I178 and X178 seeds were surface disinfected with 1%
99 NaClO for 5 min and washed 10 times with sterile-distilled water, balancing the moisture in the 100 room temperature for overnight, followed by accelerated aging treatment of suspending the seeds light-colored after 3d-AA and especially no color after 5d-AA (Fig 1A, B) . FH seeds of two lines 166 showed slight difference of relative conductivity (RC) before 3d-AA, significant difference 167 observed after 5d-AA. After 1-year storage, the RC of I178 was two times higher than X178, as 168 the continued AA treatment, the storability was reduced significantly in I178 after 5d-AA ( Fig   169  1C) . Comparative SDS-PAGE analysis of seed storage protein (SSP) zein in dry seeds, imbibed 170 seeds (6 hours imbibition), germinated seeds (48 hours germination) and 3, 5 and 7 days 171 accelerated aged seeds (3d-AA, 5d-AA and 7d-AA), and no significant difference was observed 172 between two 178 lines after AA treatment except the degradation of 40 kD protein happened in and δ10) were also dramatically degraded in I178 (Fig 1D) . as shown in supplementary ( Fig S1) . The expressed genes in I178 and X178 were 26,909 and 197 26,514, respectively, among that 25,242 common genes (more than 94%) expressed in both 178
198 seeds (FPKM > 0.1). To identify genes involving in seeds ageing, we focused on genes that 199 differential expressed after 5d-AA (compared to 0d-AA), totally 286 and 220 DEGs were detected 200 in I178 and X178, and 98 common DEGs in both I178 and X178 (log2FC ≥ 0.585). Only 2 201 common up-regulated and 86 down-regulated genes identified in two 178 ( Fig 2C; Table S2 ).
GO enrichment of DEGs after 5d-AA

204
GO is an internationally standardized gene function classification system used to describe the 205 properties of genes and their products in any organism, which contains three ontologies: biological 206 process, cellular component and molecular function [19]. The 286 I178 differential expressed 207 genes were mainly involving in biology process of abiotic response like temperature, salt stress, 208 osmotic stress, light intensity, heat, ethanol, abiotic stimulus, heat acclimation etc., and the 209 molecular function of nutrient reservoir activity, chitin binding and catalytic activity ( Fig S2A) .
210
While for the 220 X178 DEGs were mainly enriched in cellular component of nuclear part, 211 organelle lumen, intracellular part and heterochromatin etc. (Fig S2B) .
212
Most of the down-regulated genes in I178 were enriched in stimulus response, including response 213 to biotic stress (organism stress, external biotic etc), abiotic stress (inorganic substance stress, protein (TBP) associated factor 2, and another gene of no annotation (Fig S2C) . In I178 and X178, we totally identified 51,388~59,146 AS events, including 12 different types 240 which covered 46,521~ 48,724 transcript isoforms (including 15,984~17,070 genes) (Table S3 ).
241
Among that, TSS (alternative 5' first exon) and TTS (alternative 3' last exon) account for more 242 than 72% of the total AS events, and IR (Intron retention), AE (Alternative exon) and SKIP 243 (Skipped exon) were also frequently occurred in I178 and X178 (Fig S3A) . In dry seeds (0d-AA),
244
we detected 56,228 and 53,593 AS events in I178 and X178, respectively, which cover 20,446 and 5d-AA (Fig S3B) . In order to identify the relationship of AS genes and the ageing related 254 procedure, Agri-Go analysis on common AS genes in I178 and X178 showed that the enriched in 255 nucleotide biosynthesis process, function as nucleoside binding ( Fig 4A) . For those AS genes 256 specifically occurred in I178 and X178 after 5d-AA, beside of the molecular function of 257 ribonucleoside binding, ATP binding etc., some were also enriched in freezing response (Fig 4B) .
258
Combine the DEG and the AS gene information in this study, only 6 X178 specific DEGs 259 specifically occurred AS and one I178 specific DEG specifically occurred AS after 5d-AA (Table   260 1; Fig S3C) . harvested seeds after 5d-AA was stronger than 1-year storage in cold room (Fig 1) . As we know down-regulated and enriched in carbohydrate derivative catabolic process (Fig S2E) . 
307
which was also consistent to our results. The X178 down-regulated genes were enriched in amide 308 and peptide biosynthesis after 5d-AA (Fig 2E) , which was inconsistent with Lv's result, it was 309 possible that X178 possess a better resistant to ageing, after 5d-AA treatment of, the DNA and 310 protein repair systems was slightly affected which reflected by the down-regulation of ageing 311 affected genes, while as the constant ageing treatment once GR was below 20%, some of the stress 312 response genes will be activated and up-regulated to coping with DNA and protein damage. well, which is normal since the gene expression in q-Teller showed that this gene was only highly 332 expressed in the young seeds while little expression observed in mature seed (Fig S4) . qRT-PCR 333 showed that ZmLOX11 was down-regulated in I178, while up-regulated in X178 after 5d-AA treatment, a possibility that LOX11 was not specific expressed in seeds, or the spatiotemporal specificity of the LOX11 in tissue except the seeds (Fig 3) . 
544
Heatmap of differential expressed genes in I178 after 5d-AA compared with 0d-AA. B). Most of 545 the significantly differential expressed genes in I178 were enriched in 5 categories of Immune 546 system (red), biotic stress response (green), abiotic stress response (blue), carbohydrate catabolic 547 process (light blue), nutrient reservoir activity (purple) and extracellular region (pink). C).
548
Compared to the 0d-AA treatment, DEGs after 5d-AA identified in two materials with the 
569
X178 after 0d-AA and 5d-AA. B). Transcript isoforms (and the covered genes in brackets) that 570 occurred AS in I178 and X178 after0d-AA and 5d-AA, the red colored are genes specifically 571 spliced in two 178 after 5d-AA. C). Alternative spliced DEGs in I178 and X178 after 5d-AA. Six 572 and one AS-DEGs were identified specifically in X178 and I178, respectively.
573 Table 1 . Potential seed ageing related genes.
574 Table S1 . Number of reads sequenced and mapped to the maize genome.
575 Table S2 . The expression of common 98 DEGs and the related biology process classification. 
